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Abstract 
Titanium dioxide in powder form is largely used as a catalyst in the field of detoxification of aqueous effluents by 
photocatalysis. One of the most efficient commercial photocatalysts is TiO2/P25 manufactured by flame hydrolysis. 
In this work, we compared the photocatalytic efficiency between this commercial P25 and a synthetic TiO2-AgCl 
prepared in our laboratory by sol-gel method. The photocatalytic activities of P25 and TiO2-AgCl were tested using 
methylene blue (MB) solution under UV and visible light irradiation. The P25 and TiO2-AgCl photocatalyts were 
characterized by XRD, FT-IR, and SEM. Synthesized temperature had an effect on phase transformation of TiO2 
leading to a photoactivity.  The results of the photodegradation experiments explain this difference between the P25 
and TiO2-AgCl. For the TiO2-AgCl system, MB was significantly more degraded under UV exposure than when it 
was exposed to the visible light. The significant enhancement in the TiO2-AgCl photoactivity under UV irradiation 
can be ascribed to simultaneous effects of AgCl deposits both by acting as electron traps and enhancing the MB 
adsorption on the TiO2-AgCl surface. It is noted that TiO2-AgCl nanoparticles calcined at 400 °C show high 
composition of anatase phase with the smallest crystallite size, factor responsible for the enhancement of 
photocatalytic activity. It was also apparent that photocatalytic activity of TiO2-AgCl nanoparticles is higher than a 
commercial P25 due to a higher concentration of OH radicals on TiO2 surface and a smaller crystallite size. 
Furthermore, the photocatalytic kinetic were also observed.   
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1. Introduction 
Titanium dioxide (TiO2) is broadly used as a photocatalyst because it is photochemically stable, non-
toxic and low cost [1]. However, the efficiency of photocatalytic reaction is limited by the high 
recombination rate of photoinduced electron–hole pairs formed in photocatalytic processes and by the 
absorption capability for UV light of photocatalysts. One most efficient commercial photocatalysts 
provided by Degussa Crop. and its name is P25. This powder is manufactured by flame hydrolysis.  
In the recent years, many studies have been devoted to the improvement of photocatalytic ef¿ciency of 
TiO2, such as depositing noble metals and doping metal or nonmetal ions[2]. Generally, the introduction 
of doped ions can result in the formation of a doping energy level between the conduction and valence 
bands of TiO2. In principle, it should be possible for doped TiO2 to extend its absorption into the UV 
region effectively. 
Many approaches have been used to obtain TiO2 powders, including inert gas condensation [3], 
hydrothermal processing [4], solution combustion [5], and sol–gel method [6, 7]. The sol–gel method as 
recently developed as a general and powerful approach for preparing inorganic materials such as ceramics 
and glasses. In this method, a soluble precursor molecule is hydrolyzed to form a colloidal dispersion (the 
sol). Further reaction causes bonds to form among the sol particles, resulting in an in¿nite network of 
particles (the gel). The gel is then typically heated to yield the desired material. This method for synthesis 
of inorganic materials has a number of advantages over more conventional synthetic procedures. For 
example, high-purity materials can be synthesized at low temperatures [8, 9]. In addition, homogeneous 
multi component systems can be obtained by mixing precursor solutions, which allows for easy chemical 
doping of the materials prepared. 
In this work, we compared the photocatalytic efficiency between this commercial P25 and synthetic 
TiO2-AgCl powders prepared in our laboratory by sol-gel method. The amount of AgCl is equal to 10% 
mol of TiO2 according to our study in the past [10]. The effects of physical properties, such as phase, 
morphology and crystalline on the photocatalytic activity of powders were discussed in this paper. 
2. Experimental 
2.1. Raw Materials 
Titanium (IV) isoproxide (TTIP, 99.95%, Fluka Sigma-Aldrich), silver nitrates (AgNO3), 
trichloroacetic acid (C2HCl3O2) were used as starting materials. Ethanol (C2H5OH, 99.9%, Merck 
Germany) was used as a solvent. Commercial TiO2 was P25 (non-porous anatase mix rutile phase, surface 
area 50 m2/g, Evonik Industries) 
2.2. Sample Preparation 
The TiO2-AgCl (10 mol % of TiO2) nanoparticles were prepared via a conventional sol-gel method 
(Fig.1). Firstly, TTIP was dissolved in ethanol, mixed with AgNO3 and C2HCl3O2 by stirring for 15  min 
at room temperature and followed by adding droplets of 2 M HNO3 into the solution until pH about 1 to 
2. Finally, the solution was stirred for 30 min, dried at 100 qC for 24 h and calcined at 400 to 600 qC for 2 
h with a heating rate of 10 qC /min. 
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2.3. Materials Characterization 
The phase identification of samples was conducted with X-ray diffraction analysis using X-ray 
diffractometor (XRD, PHILIP X’Pert MPD). The crystallite size was determined from XRD peaks using 
the Scherer equation [11], 
    BD TEO cos9.0                                         (1) 
When D is  crystallite size 
 Ȝ is the wavelength of the x-ray radiation (CuKĮ = 0.15406 nm) 
 ȕ is the angle width at half maximum height 
 șB is the half diffraction angle of the centroid of the peak in degree 
 
The morphology and infrared spectra of TiO2-AgCl nanoparticles were observed by scanning electron 
microscope (SEM), Fourier-transformed infrared spectrophotometer (EQUINOX55, Bruker, Germany) in 
diffused reflectance mode at 4000-400 cmí1 with KBr as blank, respectively. 
 
 
Fig. 1. The preparation produces of TiO2-AgCl nanoparticles by so-gel method 
2.4. Photocatalytic Reaction Test 
 The photocatalytic activity was evaluated by the degradation of MB under UV and visible light 
irradiations using eleven 50W of black and fluorescent light lamps, respectively.  A 10 ml MB with a 
concentration of 1 × 10-5 M was mixed with 0.0375 g of photocatalyst powders (P25 and TiO2-AgCl) and 
kept in a chamber under UV and visible light irradiation for 0, 1, 2, 3, 4, 5 and 6 h. After photo-treatment 
for a certain time, the concentration of treated solution was measured by ultraviolet-visible 
spectrophotometer (UV-vis). The ratio of remained concentration to initial concentration of MB 
calculated by C/C0 was plotted against irradiation time in order to observe the photocatalytic degradation 
kinetics.

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3. Result and Discussion 
3.1. Characterization 
 The result of XRD patterns of P25 and TiO2-AgCl powders are shown in Fig. 2. P25 powders consist 
of anatase and rutile phases whereas TiO2-AgCl powders consist of anatase and AgCl phase when 
calcined at the temperature of 400 qC. The higher calcination temperature is applied less proportions of 
anatase and AgCl phases in the powder. It was found that anatase became to partially transform to rutile 
phase and AgCl decomposed mostly at higher temperature of 500 qC and 600 qC. The average crystallite 
sizes and semi-quantitative analysis of anatase, rutile and AgCl phases of TiO2-AgCl compared to P25 
powders are shown in Table 1. It was found that calcination of TiO2-AgCl powders at 400 qC has 
significantly effect on crystallite size of anatase phase (8.3 nm) and semi-quantitative analysis, anatase 
and AgCl phases remained about 59% and 41%, respectively while no rutile phase presents.  
 The infrared spectra of all the synthesized titanium dioxide powders in the range 4000–400cm-1 wave 
number are shown in Fig. 3. The large broad band at 3400–3100 cmí1, centred on 3358 cmí1, can be 
assigned to mixed OH modes (stretching modes). These bands are in the hydroxyl stretching region and 
should correspond to O–H vibration of the Ti–OH groups and H2O molecules. The stretching vibration of 
Ti–OH bonding could not be removed easily and must be heated until relatively high temperature [12]. 
The rather narrow bands around 1600 cmí1 and 1400 cmí1 can be assigned to OH modes (bending modes) 
of hydroxyl (OH) groups. The peaks at 653–550 cmí1 correspond to the vibration of Ti–O [13]. It can be 
seen that the transmittance peak of P25 is similar to those of TiO2-AgCl. In the TiO2-AgCl system, AgCl 
added in TiO2 significantly enhanced concentration of OH radicals on TiO2 surface. It was seen from Fig. 
4 that for both synthesized TiO2 composite and P25 powders, the agglomeration was observed.  
 
  
 
Fig. 2. XRD patterns of (a) P25 and TiO2-AgCl powders with 
calcinations at (b) 400 qC, (c) 500 qC and (d) 600 qC 
 
Fig. 3. FT-IR spectra of P25 and TiO2-AgCl powders 
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Table 1. The effect of calcination temperature on average crystallite size and phase content of P25 and TiO2-AgCl powders 
 
 
Crystallite size (nm) Phase content (%) 
Powder 
Calcination 
temperature 
(qC) 
Anatase Rutile AgCl Anatase Rutile AgCl 
P25 - 27.6 32.3 - 80 20 - 
400 8.3 - 56.0 59 - 41 
500 16.6 33.2 41.3 13 76 11 
TiO2-AgCl 
600 - 33.2 28.0 - 94 6 
3.2. Photoactivity 
The photocatalytic degradation of MB by using P25 and TiO2-AgCl powders under UV and visible 
light irradiations are shown in Fig. 5 and Fig. 6, respectively. It was found that a photocatalytic reaction 
rate (R) can be written as R = 1.00e-kt where k is a rate constant and t is a treatment time in hour. This rate 
equation can also be applied for P25 and TiO2-AgCl powders. It was apparent that AgCl added in TiO2 
has significantly effect on photocatalytic reaction under UV and visible light irradiations. Their 
photocatalytic efficiencies in terms of k values shown in Table 2 decreased with the increasing calcination 
temperature of TiO2-AgCl. TiO2-AgCl powders calcined at 400 qC was found to give the highest 
photocatalytic efficiency due to the smallest crystallite size of anatase phase and high concentration of 
OH radicals on TiO2 surfaces (Fig. 3). It was also found that k values of TiO2-AgCl powders are superior 
to that of P25 due to photo-induced electron trapping effect of AgCl, higher concentration of OH radicals 
on TiO2-AgCl surface and their smaller crystallite size. UV and visible light induced degradation of MB 
with TiO2-AgCl after 6 h irradiation are 92% and 50%, while those of P25 are 47% and 32%, respectively 
(Fig. 7 and Fig. 8). It is noted that photocatalytic activities of both TiO2-AgCl and P25 powders under UV 
irradiation were better than those under visible light because of the more UV absorption of the prepared 
samples. 
 

 
Fig. 4. SEM images of P25 and TiO2-AgCl powders (magnification 40,000 x)
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Fig. 5. Photocatalytic activity of  P25 and TiO2-AgCl powders 
under UV irradiation 
 
 
Fig. 6. Photocatalytic activity of P25 and TiO2-AgCl powders 
under visible light irradiation 
 
Table 2. Equations and rate constants of photocatalytic reactions under UV and visible light irradiations 
 
UV light irradiation Visible light irradiation 
Powder 
Rate Equation (R) Rate constant (k) R2 Rate Equation (R) Rate constant (k) R2 
P25 1.00exp(-0.12t) 0.12 0.94 1.00exp(-0.06t) 0.06 0.97 
TiO2-AgCl_400 ƕC 1.00exp(-0.47t) 0.47 0.95 1.00exp(-0.11t) 0.11 0.99 
TiO2-AgCl_500 ƕC 1.00exp(-0.31t) 0.31 0.99 1.00exp(-0.08t) 0.08 0.99 
TiO2-AgCl_600 ƕC 1.00exp(-0.22t) 0.22 1.00 1.00exp(-0.06t) 0.06 0.91 
 
 
 
 
Fig. 7. The degradation of MB of P25 and TiO2-AgCl powders 
under UV irradiation 
 
 
Fig. 8. The degradation of MB of P25 and TiO2-AgCl powders 
under visible light irradiation 
4. Summary 
In summary, TiO2-AgCl powders were successfully prepared by sol-gel method with 10% AgCl 
doping and calcined at the temperature range of 400-600 qC. TiO2-AgCl powder calcined at temperature 
400 qC consisted of the anatase and AgCl phases while rutile phase was mainly present at 500-600 qC. It 
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can be noted that TiO2-AgCl nanoparticles calcined at 400 qC having the smallest crystallite size and high 
concentration of anatase phase in the composite system exhibited the highest photocatalytic activity. It 
was also apparent that photocatalytic activities of TiO2-AgCl nanoparticles are higher than a commercial 
P25 due to their higher concentration of OH radicals on TiO2 surfaces and smaller crystallite sizes of 
anatase. 
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